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Abstract 

Ishikawa H, Sawada l\l, Kobayashi C , Suda H. Evalua- 
tion of root-end cavity preparation using ultrasonic retrotips. Interna- 
tional Endodontic Journal, 36 , 586-590, 2003. 

Aim To evaluate and compare the efficiency of root-end 
preparations using ultrasonic retrotips coated with dia- 
mond and zirconium nitride. 

Methodology Eighty-five extracted single-rooted 
teeth were root filled, and then resected 3 mm from their 
apices. Root-end cavities were prepared with KiS (zirco- 
nium nitride-coated retrotip), CT-5 (stainless steel tip) 
or diamond-coated (DC) ultrasonic retrotips, and 10 
teeth served as controls. Thirty teeth were used for 
evaluation of the time required to prepare the root-end 
cavity, the number of microcracks produced on the 
resected surface and the number of dentinal tubule 
openings on the root-canal wall using scanning electron 
microscope (SEM) images. A further 55 teeth were used 
for evaluation of dye penetration following filling of the 
root-end cavities with Super EBA. The degree of dye 
penetration in millimetres was measured under the 
microscope after 7 days of immersion in India ink. 


Statistical analyses were performed using the one-way 
anova and Scheffe’s F-test as the post hoc test. 

Results There was no significant difference in the 
number of microcracks and dentinal tubule openings 
present in the root apices prepared by the three retrotips. 
The time required for root-end cavity preparation using 
the DC retrotip was significantly less than that using 
the other groups (P < 0.01). Positive controls showed 
dye penetration throughout the length of the root-end 
cavity, and negative controls showed no dye penetration. 
There was no significant difference between the three 
experimental groups in dye penetration. 

Conclusions In this laboratory study, the time 
required to prepare root-end cavities using KiS retrotips 
was the same as that using CT-5 retrotips, and longer 
than that using DC retrotips. There was no significant 
difference in the number of microcracks or dye penetra- 
tion between the three kinds of retrotips. 
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Introduction 

Ultrasonic retrotips have been developed as an alterna- 
tive to the low-speed handpiece for root-end cavity pre- 
paration. Many reports have been written on the 
properties of ultrasonic retrotips (Gorman et al. 1995, 
Sultan & Pitt Ford 1995, Frank et al 1996, Lloyd et al. 
1996, Peters et al 2001). With these tips, apical root-end 
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cavity preparations can be carried out perpendicular 
to the long axis of the root (Gilheany et al. 1994), allow- 
ing the preparation to follow the direction of the ori- 
ginal root canal. However, ultrasonic retrotips have been 
reported to produce microcracks on the resected sur- 
faces (Abedi et al. 1995, Waplington et al 1997). Saunders 
et al (1994) reported that ultrasonic retrotips produced 
microcracks, although preparation using the ultrasonic 
retrotip did not affect the sealing ability of root-end-fill- 
ing materials. 

The purpose of this study was to evaluate three differ- 
ent designs of ultrasonic retrotips in terms of the time 
required to prepare the root-end cavity, the number of 
microcracks produced on the resected surface, the 
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amount of dentinal smear accumulation on the root- 
canal wall and the effect on sealing of the root-end filling. 

Materials and methods 

The root canals of 85 extracted human maxillary ante- 
rior teeth were instrumented with K-files (Zipperer, 
VDW, Munich, Germany) using the stepback technique, 
and obturated with gutta-percha (GC, Tokyo, Japan) 
and sealer (Canals-N®, ShowaYakuhin Kako Co., Tokyo, 
Japan) using cold lateral condensation. The apical 3 mm 
of the root was removed perpendicular to the root axis 
with a fissure bur (No. 2, Dentsply Maillefer, Ballaigues, 
Switzerland) at 10 000 r.p.m. under water spray cooling. 


osmium and examined under a scanning electron 
microscope (SEM) (HITACHI S-4500, Tokyo, Japan). One 
specimen each in the KiS and DC groups could not be 
evaluated because the preparation of the specimen was 
not satisfactory. The number of dentinal tubules opening 
on the root-canal wall was counted at x 4500 magnifica- 
tion in 10 randomly selected visual fields (19.53 pm x 
24.30 pm) to evaluate the presence of smear layer. 
The criteria for evaluation were standardized by two 
examiners. The specimens were randomly numbered, 
and the examiners could not recognize the source of the 
specimens. 

The data were statistically analysed using the one-way 
anova and Scheffe’s F-test as the post hoc test. 


Experiment 1 


Experiment 2 


The resected apical surfaces of 30 teeth were stained 
with 1% methylene blue for 30 s, and the numbers of 
microcracks were counted under a microscope (magni- 
fication x 4500, OPMI 111®, Carl Zeiss, Thornwood, 
NY, USA). Then, the experimental teeth were randomly 
divided into three groups, and root-end cavities were 
prepared using either KiS zirconium nitride coated 
retrotips (Obtura Spartan, Fenton MO, USA), CT-5 
retrotips (EIE Analytic Technology, Glendora, CA, USA) 
or diamond-coated (DC) retrotips (prototype, Osada, 
Tokyo, Japan) (Fig. 1). CT-5 and KiS retrotips were used 
with a Spartan R ultrasonic unit (Obtura Spartan, 
Fenton MO, USA), and DC retrotips were used with an 
ENAC unit (Osada, Tokyo, Japan). The root-end cavity 
was prepared in a saline bath at the maximum power 
of the unit, and the time required to prepare the root- 
end cavity was recorded. Thereafter, the resected sur- 
faces were again stained with 1% methylene blue for 
30 s, and the number of microcracks was counted under 
a microscope as before. 

Each root was longitudinally divided into two halves 
using a diamond disc. All specimens were dehydrated 
with alcohol, dried at the critical point, coated with 


(a) (b) (c) 



Figure 1 Three ultrasonic retrotips: (a) KiS retrotip, (b) CT-5 
retrotip and (c) diamond-coated (DC) retrotip. 


Fifty-five teeth were randomly divided into five groups: 
three experimental groups of 15 teeth each (for the three 
different types of retrotips) and two control groups of five 
teeth each. The root-end cavity in the three experimental 
groups was prepared by either KiS, CT-5 or DC retrotips. 
The cavity was dried with air and filled with Super 
EBA (Harry J. Bosworth Co., Skokie, IL, USA). 

In five positive control teeth, the root-end cavity was 
prepared by the CT-5 retrotip and was not filled with 
cement. In negative control teeth, the root-end cavity 
was not prepared. 

In the experimental and positive control groups, the 
root surface was coated twice with nail varnish except 
the coronal and apical resected surfaces. In the negative 
control group, all root surfaces including the resected 
one were coated twice with nail varnish. 

Following the method of O’Connor et al. (1995), micro- 
centrifuge tubes were attached to the teeth with cyanoa- 
crylate glue. Then, India ink (Salis International, FL, USA) 
was poured into the tube to a height of 2 cm (Fig. 2). 
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Figure 2 Schematic diagram of experiment 2. 
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Table 1 Preparation time (s) 


Ultrasonic retrotip 

Preparation time (mean ± SD) 


KiS 

191.80 ± 42.69 



CT-5 

204.60 ± 53.77 

* 

* 

Diamond coated (DC) 

69.10 ± 9.07 




^Significant difference (P < 0.01). 


The experimental teeth were wrapped with saline-mois- 
tened gauze and stored at 37 °C for 7 days. Each tooth 
was sectioned longitudinally and maximum dye pene- 
tration along the boundary between the filling materials 
and the dentine wall was evaluated under a microscope. 
Two specimens in the KiS group were excluded because 
dye leakage at the boundary between the centrifuge tube 
and the root was observed. Statistical analyses were per- 
formed using the one-way anova and Scheffe’s F-test as 
the post hoc test. 


Results 

Experiment 1 

The mean and the standard deviation of the preparation 
time in each group are shown in Table 1. The DC group 
required the least time for preparation (P < 0.01). The 
numbers of microcracks produced during preparation 
were two for the KiS group, one for the CT-5 group, and 
two for the DC group. There was no significant difference 
amongst the three experimental groups in the number 
of dentinal tubule openings on the root-canal wall 
(Figs 3 and 4). 

Experiment 2 

The positive controls showed dye penetration through- 
out the length of the root-end cavity, and the negative 







Figure 3 Scanning electron microscope (SEM) photomicrographs of prepared area by three ultrasonic retrotips (original 
magnification x 4.5 K: (a) KiS, (b) CT-5 and (c) DC). 
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Figure 4 Mean number of dentinal tubule openings on the 
root-canal wall. 


controls showed no dye penetration. The mean distances 
of dye penetration were 0.30 mm (5 out of 15 showed 
leakage; however, 2 samples could not be evaluated) for 
the KiS group, 0.25 mm (9 out of 15 showed leakage) for 
the CT-5 group and 0.33 mm (5 out of 15 showed leakage) 
for the DC group. One-way ANOVA and Scheffe’s F-test as 
the post hoc test were used to analyse the results, and 
no significant difference amongst the three groups was 
found. 


steel retrotips. However, the DC retrotip with efficient 
cutting ability may cut tooth structure excessively and 
result in perforation, if the direction of the root-end cav- 
ity does not follow the canal. Thus, more careful manip- 
ulation may be required when a DC retrotip is used in a 
clinical situation. 

As it was difficult to assess the thickness of smear 
layer on the prepared canal wall, the number of dent- 
inal tubules opening on the prepared surfaces was 
evaluated rather than the thickness of smear layer. 
Ten visual fields per specimen were randomly selected 
because the number of dentinal tubule openings was 
diverse. There was no significant difference amongst 
the three kinds of retrotips in the number of dentinal 
tubule openings. 

Goldman et al (1980) reported that a leakage study 
using a dye should be performed in a vacuum to exclude 
the influence of air bubbles. However, O’Connor et al. 
(1995) reported that a dye solution of 2-cm height effec- 
tively eliminated the influence of air bubbles; this 
method was used in the study. There was no significant 
difference between the three experimental groups with 
respect to dye leakage. 


Discussion 

Ultrasonic retrotips are able to prepare root-end cavities 
more accurately than the low-speed handpiece (Engel 
& Steiman 1995). Although it has been reported that 
the number of microcracks on the resected surfaces 
increased after preparation with ultrasonic retrotips 
(Abedi et al 1995, Rainwater et al. 2000), few micro- 
cracks were created in this study. One explanation for 
this might be the use of a saline bath during prepara- 
tion. Manipulation at high power also did not produce 
a large number of microcracks. Layton et al. (1996) 
reported that root-end cavity preparation using high- 
power oscillation produced a significant number of 
microcracks. Conversely, others have reported that the 
change of oscillation amplitude of the ultrasonic retrotip 
did not affect the number of microcracks (Waplington 
etal 1997, Peters et al. 2001). Further research is required 
to determine the optimum power for root-end cavity 
preparation. 

Peters et al. (2001) reported that a shorter prepara- 
tion time was required with DC retrotips than with stain- 
less steel retrotips. The DC retrotip had the shortest 
preparation time in this study. The preparation time 
needed with the KiS retrotip coated with zirconium 
nitride was the same as that needed with the stainless 


Conclusion 

In this laboratory study, the time to prepare root-end cav- 
ities using a KiS zirconium nitride-coated retrotip was 
the same as that using a conventional stainless steel ret- 
rotip, but longer than that using a DC retrotip. There 
was no significant difference in the number of micro- 
cracks or in the penetration of dye in cavities filled with 
Super EBA cement. 
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